Abstract. Shale gas revolution has changed the world's energy pattern since 2000. China's technology recoverable resources rank second in the world. What's the effect of shale gas extraction in China? This paper used the improved PSM-DID method to do quantitative analysis on the economic growth effect of shale gas mining in Sichuan Basin. By using the double difference method (DID), it is find that shale gas mining has brought about 6.9% per capita GDP growth to local economy from 2004 to 2015. After eliminating the economic differences between mining area and unexploited area using PSM-DID method, the net effect of mining on economic growth still stands at 4.2%.Finally the paper compared and analysed the shale gas extraction effect on three states in U.S.A. It is the first quantitative analysis on the economic effect of shale gas extraction in China. Therefore, the government should set shale gas industry at the strategic position and strengthen the implementation of supporting policies.
Introduction
The development of shale gas revolution has changed the energy pattern of the world and set off a global upsurge in shale gas extraction. In 2014, China's natural gas accounted for only 5.62% of the primary energy consumption, much lower than the world average. Therefore, China should promote the progress of natural gas industry to solve the current energy supply issues. According to EIA statistics, China has the largest shale gas reserves in the world. In 2014 , coal consumption accounted for 66%, oil consumption accounted for 17.1%, natural gas accounted for only 5.7%, hydropower, wind power, nuclear power and other energy sources accounted for 11.2%. The United States, the European Union and Japan all have less than 30% of the coal consumption in energy structure.
In order to promote exploration and development of shale gas, China first carried out a pilot test of shale gas exploration and development in Sichuan basin, which has the unique advantages of organic rich shale reserves. Since the geological survey began in 2007, what effect has the shale gas extraction done on the local economy? To this point, there is only qualitative analysis, and there is no quantitative analysis. Therefore, the purpose of this paper is to make a quantitative analysis of the effect of shale gas exploitation in Sichuan on the economic growth by using the improved double difference method (PSM-DID ) method.
Literature Review
The literature mainly reviews the theoretical and empirical research on the economic impact of natural resources exploitation. In theoretical research, the short-term impact of natural resources mining on the economy is mainly studied. Scholars are inconsistent with the conclusions at the national and regional levels. In the empirical research, a large number of literatures have evaluated the impact of oil and gas production on the local economy from several aspects.
However, the effect of oil and gas exploration on regional economic growth has not been consistent. In the short run, the exploitation of resources will increase the local employment and wages, but how the spillover effect of the exploitation sector and the industrial structure will affect other sectors remains in discussion. In the evaluation method, the existing studies often judge the economic performance of the region before and after the mining directly. In view of the shortcomings, this paper will adopt a more scientific propensity matching PSM-DID to evaluate the impact of shale gas mining on the regional economy.
Analysis of Shale Gas Resources in Sichuan Basin
Shale gas resources in China is very rich. According to the Ministry of land and resources exploration in 2012, shale gas geological resources is approximately 134.4 trillion m³, technically recoverable resources is approximately 25.08 trillion m³.The geology resources of Sichuan basin shale gas resources has the amount of 40.02 trillion m³, technically recoverable resources is 6.45 trillion, each proportion of total shale gas resources is 30% and 26%.
There are a total of 6 cities in Sichuan province with shale gas exploitation. They are Chengdu, Leshan, Neijiang, Zigong, Yibing and Guangyuan. They are all concentrated in eastern Sichuan and southern Sichuan, and the economy in these areas are relatively high in Sichuan province due to the proximity to the Yangtze River. In these areas, shale is widely distributed and rich in organic shale.
Empirical Implementation and Data
Empirical Model and Estimation Method. Shale gas extraction can be seen as a policy experiment in areas where shale gas is stored, and the use of the DID method is usually used to evaluate the effect of such policies. The prefecture-level cities with shale gas exploitation in Sichuan province were treated as the treated group, and the other prefecture-level cities as the control group. This paper set t and treated as two dummy variables to distinguish between the 2 groups of samples in different periods. The baseline regression model for the DID method is set as follows:
• .
(1) Among with them, the subscript i and t respectively represent the i city and in the t year, represents a series of control variables. is random disturbance, represents explanatory variables measuring the economic growth of cities.
According to the regression equation (1), for the area with shale gas mining (
economic growth before and after shale gas mining are The most important premise of using the method is that the treatment group and the control group must satisfy the common trend hypothesis. However, the gap of the economic development is relatively large in Sichuan province and the assumption of the method is likely to be unable to meet. The proposed and developed method PSM-DID can effectively solve the problem and make the method satisfy the common trend hypothesis.
The basic idea is to find a prefecture -level city j in the control group with no shale gas mining. When the individual characteristics of prefecture-level cities depend on the observable control variables, the probabilities of exploitation between city i and j are close to each other, so they can be compared with each other, namely In order to measure the level of regional economic development, this paper selects three representative explanatory variables, which are the actual GDP and per capita GDP, the total number of employment, the total wage and the per capita wage. One of the core indexes of this paper is the virtual variable of shale gas exploitation ( did ). In the sample range of this paper, if the prefecturelevel city experienced shale gas mining after 2007, the value will be 1; otherwise, the value will be 0.
In order to control the influence of other factors, a series of control variables are also selected. Referring to Liu Mingrui (2015), in the transition period of economic development, the government plays an important role, so the proportion of government expenditure ( gov ) is chosen. Investment is an important driving force for regional economic growth in China, so the level of foreign direct investment ( fdi) and fixed assets ( fai) need to be controlled. Regional industrialization ( indus) and the proportion of the third industry ( thirdin ) can test the effect of structural factors on regional economic growth. According to the endogenous growth theory, this paper uses the proportion of internal expenditure of scientific research activities in GDP( to measure the level of regional scientific and technological development. In addition, referring to Jeremy G. Weber (2014) and Abdul Munasib (2015) , the population density reflects the level of economic activity in a certain extent, so variable pd of population control factors is added.
Results
Regression Results Based on DID Method. Shale gas exploitation, as an economic activity, is only related to the reserves of local shale gas, so it provides quasi natural experiment. Regression results are shown in table 1. From Table 1 , it can be found the mining variable did ( treated t  ) affects the per capita GDP significantly. Shale gas production makes the local per capita GDP increase by about 6.9%. Mining variable did has a positive effect on employment, it makes the number of annual employment increase by 2.7%. did has significant impact on income levels, local shale gas production makes total revenue grow by 1.78%. Once again, the conclusion that shale gas extraction has a significant impact on local GDP and employment is verified.
Regression Results Based on PSM-DID Method. In order to overcome the systematic differences in the trend of economic growth and reduce the bias of DID estimation, this paper uses PSM-DID method to test robustness. The results are shown. The regression results show the shale gas development has significantly promoted the per capita GDP, the total employment, the total wage and per capita wage of the region than the DID method alone. The impact of shale gas extraction is smaller than the results in table 1. Since the control of other factors of economic growth and the match of base period economy, the statistical test results are significant. Because economic situation of the mining area is better than no mining areas before exploitation, therefore the impact of shale gas exploitation on the economy will be slightly lower than without excluding the differences in economic development levels.
Comparative Analysis of Three Counties in the United States. Because there is no domestic quantitative analysis of China shale gas exploitation, referring to the study of Weber (2014) , this paper selects a total of 341 counties in Colorado, Texas and Wyoming to make comparison. The data is from the US Census Bureau, Colorado, Texas Wyoming Oil and Gas Commission Conservation. The comparison of the estimation results between U.S. data and domestic results show that the total income in Chongqing and Sichuan cities has the average growth of 1.79%, lower than the estimated results of the counties in three states in US. Chongqing and Sichuan prefecture-level employment growth rate is 1.7%, slightly lower than US, 1.90% of the 3 counties. The per capita GDP in Chongqing and Sichuan grows by 6.2%, while the per capita income growth rate of US is 5.5% and the personal income growth rate is 3.8%.
Summary and Conclusions
This paper uses the panel data of Chongqing city and the 21 cities in Sichuan Province to do quantitative analysis on the effect of shale gas mining to economic growth using PSM-DID method.
As a result, the impact of shale gas extraction on economic growth was about 6.8%, After eliminating the differences in the initial economic situation of different cities, shale gas mining has about 4.2% effect. As China has begun industrial production of shale gas, its lasting economic impact remains to be tested. It can be concluded that the exploitation of shale gas has a positive effect on the
